Abstract-This study was aimed at understanding the current physical and occupational therapy practices in stroke rehabilitation in the Midwest. The insights gained from this pilot study will be used in a future study aimed at understanding stroke rehabilitation practices across the nation. Researchers and clinicians in the field of stroke rehabilitation were interviewed, and past studies in the literature were analyzed. Through these activities, we developed a 37-item questionnaire that was sent to occupational and physical therapists practicing in Kansas and Missouri who focus on the care of people who have had a stroke (n = 320). A total of 107 respondents returned a completed questionnaire, which gives a response rate of about 36%. The majority of respondents had more than 12 years of experience treating patients with stroke. Consensus of 70% or more was found for 80% of the items. The preferred approaches for the rehabilitation of people who have had a stroke are the Bobath and Brunnstrom methods, which are being used by 93% and 85% of the physical and occupational therapists, respectively. Even though some variability existed in certain parts of the survey, in general clinicians agreed on different treatment approaches in issues dealing with muscle tone, weakness, and limited range of motion in stroke rehabilitation. Some newer treatment approaches that have been proven to be effective are practiced only by a minority of clinicians. The uncertainty among clinicians in some sections of the survey reveals that more evidence on clinical approaches is needed to ensure efficacious treatments.
INTRODUCTION
Every 45 seconds someone in the United States has a stroke. Stroke is a leading cause of serious long-term disability. From the early 1970s to the early 1990s, the estimated number of noninstitutionalized stroke survivors increased from 1.5 to 2.4 million, and an estimated 4.7 million stroke survivors are alive today [1] . Approximately 50 to 60 percent of stroke survivors are moderately or minimally impaired, and these individuals may greatly benefit from rehabilitation [2] [3] [4] [5] .
Historically, several treatment approaches have been introduced and adopted by physical and occupational therapists. The stroke rehabilitation methods adopted by therapists vary widely depending on their background knowledge, clinical experience, clinical skills, and personal preferences [6] [7] [8] [9] . The availability of a plethora of treatment methods shows that stroke rehabilitation practices are continually evolving. Previous studies conducted in the United Kingdom used surveys to determine common treatment practices in stroke rehabilitation among physical therapists [10] [11] . These studies aimed to identify key theoretical beliefs underlying physical therapy treatment of stroke. While considering theoretical beliefs that drive treatment, we must also contemplate another important aspect, the delivery of treatment. Given the broad range of therapy approaches, educators and researchers must obtain data on which stroke rehabilitation methods are actually being used by clinicians. In the United States, studies have been conducted to understand some of the physical and occupational therapy practices in stroke rehabilitation [12] [13] [14] [15] [16] . However, all these studies are focused on aspects of rehabilitation at inpatient facilities [12] [13] [14] [15] [16] . The studies conducted by Latham et al. and Richards et al. concluded that the occupational therapy provided consisted of multiple treatment approaches [12] [13] . The therapists provided functional task training as well as motor training, and they tailored therapy based on the patients' functional abilities. The studies conducted by Latham et al. and Jette et al. showed that physical therapy at inpatient facilities generally consisted of task-based training and therapists adapted their treatment according to the patients' abilities [14] [15] . The results from these studies provide good insight into stroke rehabilitation practices at inpatient facilities in the United States. However, one can realize that further research would provide a better understanding of the theoretical beliefs of therapists and the underlying reasons for the therapists' choice of treatment at both long-term outpatient and short-term inpatient facilities. We must also discuss whether these approaches are supported by sufficient evidence given the fact that all rehabilitation professionals are moving toward evidence-based practice. Information on current practices and their supporting evidence may greatly affect the decisions of policy makers and the desire of professionals to deliver the best continuing education and make current clinical practices more effective. Finally, understanding the current practices may also enable the development of an intelligent robotic stroke rehabilitation system. Robot-aided stroke rehabilitation is the current frontier of the field. The knowledge collected from clinical experts may help researchers design an optimal control system that guides the motion of a robotic arm in terms of its position, velocity, and forces when used in motor training of stroke survivors.
Surveys have been conducted in countries including Sweden, Australia, and the United Kingdom to determine the clinical practices and the underlying theoretical beliefs in stroke rehabilitation [6] [7] [8] . A survey has been conducted in the United States to understand in particular the current practices of clinicians who use the neurodevelopmental treatment (NDT) method [10] . While these surveys give some idea about the practices in stroke rehabilitation, many of them are either outdated or narrow in their scope and therefore not representative of current practices in the United States. This pilot study is aimed at understanding the current stroke rehabilitation practices of physical and occupational therapists who are providing care in two Midwestern states: Kansas and Missouri.
METHODS

Questionnaire
Initially, we conducted interviews with a few clinical researchers and clinicians who are working in the field of stroke rehabilitation. We developed a questionnaire based on their suggestions and from previous studies conducted in stroke treatment methods [6, [9] [10] . The questionnaire consisted of 37 items (see Appendix, available online only at http://www.rehab.research.va.gov/jour/08/45/6/pdf/ contents.pdf) and was divided into six sections. Questions were included that pertained to the background information of the clinicians, their treatment aims, how the clinicians treat tone, their approach to facilitate movement and function, and some specific questions about motor rehabilitation. After preparing a draft version of the questionnaire, we conducted interviews with the researchers for a second time to discuss the questionnaire. Modifications were made according to their suggestions. The final version of the questionnaire consisted of closeended questions (a write-in option of "other" was included where appropriate) to make the questionnaire easier to complete and more objective. The final version of the questionnaire and the accompanying cover letter were approved by the institutional review board at the University of Kansas Medical Center (KUMC).
Survey Protocol
Contact information of physical therapy and occupational therapy clinicians and clinical sites in the states of Kansas and Missouri was provided by the Department of Physical Therapy and Rehabilitation Science and the Department of Occupational Therapy Education at KUMC. In May 2006, the questionnaire, along with a cover letter and a postage-paid return envelope, was sent to 320 clinicians and clinical sites. The clinicians contacted were neither limited to nor associated with any one particular organization or institution. They represented various hospitals, clinics, and rehabilitation centers in Kansas and Missouri. The cover letter explained to the participants the aim of this study and that responding to the survey was entirely voluntary. Since the questionnaire itself did not contain any individually identifying questions, it posed no risk to the participants' privacy in any way. When the surveys were received back from the participants, we assigned the surveys an identification number (for future data verification purposes) and stored them in a secure place. The number of responses received for the survey was considered sufficient, and hence, no reminder of any kind was sent to those who did not respond.
Survey Analysis
The survey responses were manually entered in a Microsoft Office Excel spreadsheet (Microsoft Corp; Redmond, Washington) and analyzed with Excel, MAT-LAB ® (The MathWorks, Inc; Natick, Massachusetts), and Weka data mining tools [17] . Out of the 320 questionnaires sent out, 9 were returned as undeliverable because of multiple reasons and 7 were returned unused because the respondents stated that they did not have experience in stroke rehabilitation. A total of 110 respondents returned a completed questionnaire, which gives a response rate of 36.2 percent. Of these 110, however, 3 respondents who completed the questionnaire also indicated that they did not have any experience in stroke rehabilitation. Their responses were excluded, and the remaining 107 responses were analyzed. Out of the 107 respondents, at least 106 answered each question pertaining to aim of treatment, tone, facilitation of movement, and function, which gives an incompletion rate of less than 1 percent for each question in those sections. For the section that posed specific questions in motor rehabilitation, 102 or more respondents answered each question, which gives an incompletion rate of less than 4.6 percent for each question.
RESULTS
Profile of Respondents
Of the 107 clinicians who met the inclusion criteria, 55 were physical therapists, 51 were occupational therapists, and 1 clinician was certified in both physical and occupational therapy. Out of the 103 clinicians who specified their educational background, 47 had a master's degree or higher and 56 had a bachelor's degree. Ninety respondents specified their year of graduation from school. The respondents' median year of graduation with their terminal degree was 1996 and ranged from 1970 to 2006 (i.e., for those with only a bachelor's degree, their bachelor's graduation year was considered; for those with a master's degree, only their master's graduation year was considered; and for those with a doctorate, their doctoral graduation year was considered). The average clinical experience of the respondents working with patients with stroke was 12.6 years, with a standard deviation of 8.2 years. About 72 percent of the clinicians reported at least 8 years of experience working with patients with stroke.
Background and Treatment Approach
The clinicians were asked which treatment approach for stroke they had been taught in their professional education and which approach they use in their current practice. Their responses are shown in Figure 1 . We should note that the respondents were allowed to choose multiple treatment approaches for both questions. We found that the Bobath/NDT approach and the Brunnstrom/proprioceptive neuromuscular facilitation (PNF) were the most popular treatment approaches. Figure 2 shows the relationship between the year of graduation and the treatment methods taught in school. The box plot in Figure 3 shows the relationship between the years of experience treating patients with stroke and the treatment methods currently practiced. We can see from Figure 2 that Carr & Shepherd and constraint induced approaches are recent additions to education. Figure 3 reveals that even those who did not receive formal education in these newer approaches obtained knowledge of them and adapted them into their current practice.
Out of the 106 clinicians who specified whether they treat adults or children, 76 percent worked exclusively with adults, 4 percent worked with children, and the remaining 20 percent worked with both adults and children. Approximately two-thirds (71 out of 107) of clinicians specified that they have received additional training specific to stroke rehabilitation after graduating from school. All but one of the clinicians reported participating in some form of continuing education. Only 47 out of the 107 respondents (44%) read stroke-related professional literature on a regular basis (4 weekly and 43 monthly), while 62 respondents rarely and 2 never read the literature. However, 74 out of 107 clinicians (69%) agreed that they incorporated concepts of motor learning from current literature in their practice, while 9 respondents disagreed and 22 were unsure.
Aim of Treatment
A vast majority of the clinicians (93% or more) agreed on the main aims of physical and occupational therapy. Table 1 shows the statements presented in the questionnaire regarding the aim of treatment and the clinicians' level of agreement with the statements. Even though reeducating normal movement and facilitating adaptation to function represent different treatment approaches, 92 percent of the clinicians agreed to both aims.
Pertaining to Tone
The three statements pertaining to tone and the level of agreement of the therapists are presented in Table 2 . A consensus of 79 percent or greater was found in agreement with all the statements. Even though the majority of the therapists (89%) agreed that normalizing tone is important, they (81%) also pointed out that it does not automatically result in movement.
Facilitation of Movement
The statements on facilitation of movement and the level of agreement of the therapists are listed in Table 3 . More than 85 percent of the clinicians agreed to all the statements. The majority of the therapists (86%) believed that while proximal stability is required, it will not necessarily result in recovery of distal movement and hence distal movement needs to be facilitated. Table 4 shows the statements pertaining to function and the corresponding level of agreement of the therapists. Therapists were evenly split on whether singleplane movement patterns would translate into improved function (question 3 in Table 4 ). More than one-quarter of respondents are unsure of what the outcome of this practice might be. Even though the majority of clinicians (63%) believed that therapy should be delayed when abnormal movement patterns are observed, a number of them (20%) disagreed as well.
Function
Specific Questions About Motor Rehabilitation
Some specific statements about motor rehabilitation were presented to the clinicians, and the results are presented in Table 5 . Some disagreement was found regarding the amplitude of movement that should be practiced in subjects who have limited range of motion. Two more questions pertaining to motor rehabilitation (see Appendix) were posed in the questionnaire, and the results are presented in Table 6 . Clinicians were asked to rank aspects of movement that they prioritized during therapy (speed, accuracy, strength, number of repetitions, and 3. Inhibition of spasticity does not necessarily result in movement; movement needs to be facilitated.
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Note: Strongly agree and agree categories were combined; strongly disagree and disagree categories were combined. All percentages have been rounded. Note: Strongly agree and agree categories were combined; strongly disagree and disagree categories were combined. All percentages have been rounded. other). A majority of the therapists ranked accuracy as the most important aspect followed by strength, number of repetitions, speed, and other.
DISCUSSION
The stroke rehabilitation methods adopted by therapists vary widely depending on several factors. The availability of a plethora of treatment methods shows that stroke rehabilitation practices are continually evolving. Educators and researchers must obtain data on which stroke rehabilitation methods are actually being used by clinicians. In order to understand the current clinical practices used for rehabilitating patients with stroke, we conducted a survey among the physical and occupational therapists in Kansas and Missouri.
The respondents to our survey averaged more than 12 years of experience treating people with stroke. Nearly all respondents received both Brunnstrom/PNF and Bobath/NDT training in school, and an equal number reported practicing these techniques clinically, despite the lack of evidence to support these approaches [18] . Therapists seem to adopt an eclectic approach and combine principles from different approaches in their current practice, which may indicate the need for an optimal approach to be developed through more research. We find it interesting that even though reeducating normal movement and facilitating adaptation to function represent different treatment approaches, 92 percent of the clinicians agreed Note: Strongly agree and agree categories were combined; strongly disagree and disagree categories were combined. All percentages have been rounded. Note: Strongly agree and agree categories were combined; strongly disagree and disagree categories were combined. All percentages have been rounded. to both aims. The therapists may be applying both forms of treatment to patients but with different emphases depending on individual conditions. The clinicians reported that they were inconsistent in reading current literature. In a continuously evolving field like stroke rehabilitation, reading current literature should be an integral part of the clinicians' profession. Reading current literature will enable the clinicians to keep abreast with the latest and most effective rehabilitation practices.
Clinicians suggest that tone should be normalized when facilitating movement. This response is closely tied to the Bobath/NDT approach, which encourages facilitating normal movement patterns while inhibiting tone. Current literature does not favor either Bobath/NDT or Brunnstrom/PNF methods over other treatment options [19] [20] [21] [22] [23] . Despite the evidence supporting constraint induced movement therapy (CIMT or CI therapy) [21] , only 12 clinicians (11% of respondents) reported being trained in CIMT and 25 clinicians (23% of respondents) reported using this efficacious method for treatment. The low percentage of clinicians using CIMT can be attributed to the fact that it is a relatively new technique compared with others such as Bobath/NDT and Brunnstrom/ PNF. This is evident from the fact that only 11 percent learned CIMT in college.
A majority of the therapists (63%) believed that activities should be delayed if they are reinforcing abnormal movement patterns. However, currently little to no evidence is available that suggests preventing or delaying a patient from moving will worsen abnormal tone and movement [10, 22] . Therapists responded with uncertainty on whether single-plane movement patterns would ultimately improve function. The reason for this high uncertainty became evident upon examination of the comments of some of the respondents. The wording of the statement does not clearly explain the context and meaning of "single plane."
The survey responses were separated into two groups, physical therapists and occupational therapists, to analyze any differences in their opinions. Upon examination, no significant differences were found between the opinions of physical and occupational therapists. The statement that produced the largest difference of opinion between the physical and occupational therapists is statement 4 in Table 5 , where all of the 7 percent of disagreement comes from the physical therapists and no disagreement from the occupational therapists.
LIMITATIONS
This survey has some limitations, and hence, the results should be subjected to future verification by other methods. We must carefully note that this is a pilot survey that was conducted among therapists (n = 107) within the states of Kansas and Missouri. The results from such a narrow sample may not be a true indicator of practices across the nation. However, the results from many sections of the survey showed similarities to the surveys conducted in Sweden, the United Kingdom, and Australia.
The wording of the statements and the corresponding closed responses might have limited the therapists' responses. Some of the respondents in fact added some comments explaining why they were (or were not) choosing a particular answer. Even though the survey was anonymous, we should acknowledge that the respondents' verbal reports about their clinical practice may be different from their actual practice or could have changed after the survey was conducted. Moreover, other studies have shown that clinicians' perception of their practice might be different from their actual practice [23] .
Future questionnaires should try to delineate which specific techniques from each of the predominant approaches (Bobath/NDT and Brunnstrom/PNF) are used clinically. Questions directed primarily at upper-limb rehabilitation of stroke might provide clinical context for answering explicit questions. For the statements given in Table 1 , the responses show that the comprehensive treatment goal is to improve movement and function. Additional investigation of clinical practices should focus on prioritizing the statements regarding the aim of treatment in stroke rehabilitation.
Regarding statement 3 in Table 4 , future queries should aim to determine whether functional practice is performed in a single plane clinically. Additional clarification in relation to "plane" is necessary when discussing movement patterns as well. To resolve any confusion with interpretation, we should define the movement plane with respect to the plane of movement through space, which is not to be confused with the multiplanar perspective of arthrokinematics of joint movement.
CONCLUSIONS
Our survey on clinical practices in stroke rehabilitation provided data from more than 100 clinicians (physical and occupational therapists combined) in the Midwest.
The self-reported background information of the clinicians correlates with the dated treatment choices reported in sections of the questionnaire. These data emphasize the need for continuing education of clinicians in efficacious treatments and implementation. Therapists must also continuously scrutinize their beliefs and update their practices as new evidence becomes available. In order to make use of the updated evidence base in their practice, clinicians should be encouraged to actively read professional literature. The uncertainty among clinicians revealed in some sections of the survey shows that more evidence of clinical approaches is needed to ensure efficacious treatments. Development of a comprehensive treatment protocol based on basic and clinical scientific evidence using current therapeutic practices that are supported by the literature should be investigated. Further inquiry into prioritizing treatment approaches and specific components of treatment methods should be instigated. Because of some of the limitations mentioned in the previous section, further investigation should be carried out among a broader group of clinicians spread out across the entire nation in order to substantiate the results of this study.
